Objectives. SB2 is a biosimilar to the reference infliximab (INF). Similar efficacy, safety and immunogenicity between SB2 and INF up to 30 weeks were previously reported. This report investigates such clinical similarity up to 54 weeks, including structural joint damage.
Introduction
Biological DMARDs (bDMARDs), including TNF-a inhibitors, have changed the paradigm of the treatment of rheumatic diseases such as RA, AS and PsA [13] . bDMARDs have shown significant efficacy in patients who do not respond to conventional synthetic DMARDs alone [4, 5] , however, the high cost of these agents is often considered a barrier for widespread use. The introduction of biosimilar DMARDs (bsDMARDs), which are less costly than the reference products, may help to contain health care costs and there is great anticipation that bsDMARDs will make bDMARDs substantially more accessible to patients who are in need of such treatment but currently cannot access them for cost reasons [69] .
A biosimilar is a biological medicinal agent that contains a similar active substance as an approved biological medicinal product, also referred to as the reference or originator product, and is intended to be used in the same manner as the reference or originator product [10] . As an exact copy of the reference product is not feasible, a biosimilar must be similar in terms of quality characteristics, biological activity, pharmacokinetics, safety, immunogenicity and efficacy [11] . The rigorous process involved in proving the biosimilarity of a proposed biosimilar to its reference product is detailed in major regulatory guidelines in the European Union (EU) and the USA [12, 13] .
SB2 is a biosimilar to the infliximab (INF) reference product Remicade (Janssen Biotech, Horsham, PA, USA), a chimeric human-murine mAb that is specific to human TNF-a and approved for the treatment of various rheumatic diseases such as RA, AS and PsA as well as non-rheumatic diseases such as psoriasis, Crohn's disease and ulcerative colitis [14] . SB2 has been evaluated through various biosimilar comparability studies, including quality, pharmacokinetic and phase III clinical studies, to prove biosimilarity and is now approved under the names Flixabi and Renflexis [15, 16] . We have previously reported the primary results of a 30 week phase III clinical study conducted in patients with RA that showed equivalent efficacy (measured by the ACR 20% response rate), comparable safety, immunogenicity and similar pharmacokinetic profiles between SB2 and INF [16] . While these findings significantly support the biosimilarity of SB2 to INF, long-term clinical trial data are needed to further demonstrate biosimilarity in terms of efficacy and safety [13] . Part of the efficacy analysis is the provision of evidence on biosimilarity regarding inhibition of joint damage, an important attribute of TNF blockade that was not part of the 30 week study of SB2 [17, 18] .
Thus the objective of this study was to compare the radiographic progression of structural joint damage up to 54 weeks between SB2 and INF, as well as to investigate whether the comparable clinical efficacy, safety and immunogenicity of SB2 to INF as observed up to 30 weeks was maintained and remained comparable up to 54 weeks.
Methods

Patients and study design
The details of this phase III study have been reported previously [16] . In brief, this study was a phase III, randomized, double-blind, parallel-group, multicentre clinical study conducted at 73 investigator sites in 11 countries in Europe and Asia (NCT01936181; EudraCT 2012-005733-37). Patients who were 1875 years of age, biologic naïve and diagnosed with moderate to severe RA, defined as six or more swollen and tender joints, ESR 528 mm/h or serum CRP 51.0 mg/dl at screening, despite MTX therapy for at least 6 months were enrolled in the study.
Patients were randomized according to a computergenerated and interactive web responsive system (Cenduit, Bangalore, India) in a 1:1 ratio to receive either SB2 3 mg/kg or EU-sourced INF 3 mg/kg via i.v. infusion. Patients received either SB2 or INF during each visit at weeks 0, 2, 6, 14, 22, 30, 38 and 46. Starting at week 30, stepwise dose increments by 1.5 mg/kg up to a maximum of 7.5 mg/kg were permitted at each visit if the patient's RA symptoms were not well controlled by the existing dose. This dose modification scheme is in accordance with the EU Remicade label (i.e. summary of product characteristics) [19] . The assessment of RA symptom control was dependent on the investigator's clinical judgement.
All patients included in the study were required to receive a stable dose of oral or parenteral MTX (1025 mg/week) and folic acid (510 mg/week) and had moderate to severe active disease despite MTX therapy. NSAIDs and glucocorticoids (equivalent to 410 mg prednisolone) were permitted if the patient was on a stable dose for at least 4 weeks prior to randomisation. Pre-medications for infusion-related reactions, such as paracetamol, antihistamines or corticosteroids, were allowed per the investigator's discretion.
All patients were evaluated for tuberculosis (TB) through medical history, chest X-ray, and QuantiFERON-TB Gold tests at screening and weeks 22 and 54. This study was conducted in accordance with the International Conference on Harmonisation Good Clinical Practice guidelines and the Declaration of Helsinki. All patients provided formal written informed consent prior to participating in the study.
Assessments
Efficacy, safety and immunogenicity assessments were conducted at each study visit for all patients prior to SB2 or INF infusion. The clinical efficacy endpoints included 20, 50 and 70% ACR (ACR20, ACR50, ACR70) responses and 28-joint DAS (DAS28) scores. The ACR response also includes a patient-reported outcome of physical function, the HAQ Disability Index [20] . In addition, the Simplified Disease Activity Index (SDAI) and Clinical Disease Activity Index (CDAI) were employed to assess low disease activity (LDA) or remission status [21, 22] .
Structural joint damage was assessed by the van der Heijde modified total Sharp score (mTSS), composed of erosion and joint space narrowing scores [23] . The radiographic images were evaluated by two independent readers who were blinded to patient identity, treatment and the time of measurement. Progression of joint damage was calculated as the mean difference between the baseline and the week 54 measurements (i.e. the mean change in the mTSS). When the change score was within the top 5% of cases with the highest differences in score between readers, the radiographs required consensus review by the primary readers.
Safety endpoints included treatment-emergent adverse events (TEAEs), serious AEs and AEs of special interest (defined as serious infections or active TB). Abnormalities in clinical laboratory values and vital signs were also assessed.
Immunogenicity endpoints such as the incidence of anti-drug antibodies (ADAs) and neutralizing antibodies (NAbs) were measured. Patients with at least one ADApositive result following the randomization visit were identified as ADA positive [24] . Those patients who were ADA positive were also assessed for NAbs. To assess immunogenicity, a single-assay approach with an SB2 tag was used. Validated electrochemiluminescence immunoassays were used to measure ADAs and NAbs using a competitive ligand-binding assay (Meso Scale Discovery platform, Meso Scale Discovery, Rockville, MD, USA). Pharmacokinetic parameters were assessed up to week 30 and have been previously reported [16] .
Sample size and statistical analysis Sample size calculation, as described previously, was based on comparing the primary endpoint defined as the ACR20 response rate at week 30 in the per-protocol set (PPS), assuming an equivalence margin of ±15% and a dropout rate of 20% [16] . Based on these assumptions, 584 patients were required. Besides the PPS, a full analysis set (FAS), which follows the principles of intention-totreat analysis, was also used in efficacy outcome analyses. Safety outcomes were analysed in the safety set (SAF), which consisted of patients who received at least one dose of either SB2 or INF.
As the primary endpoint of the study was met, this report aimed to compare long-term efficacy (including radiographic progression), safety and immunogenicity between SB2 and INF up to week 54. Analyses of ACR responses were conducted using both the PPS and FAS, while DAS28, CDAI and SDAI analyses were conducted using only the FAS. All FAS analyses were performed on patients who had data on that time point (i.e. as observed analysis). Treatment differences in ACR response rates between SB2 and INF were estimated in a similar manner as in the 30 week report, adjusted by CRP and geographical region, with 95% CIs. Safety analyses were conducted by comparing the frequency of TEAEs, laboratory abnormalities and serious AEs reported up to week 54 from the SAF. Immunogenicity was also analysed from the SAF. When applicable, subgroup analysis of efficacy or safety outcomes was performed by ADA status (ADA positive or ADA negative up to week 54). Statistical analysis was performed using SAS version 9.2 (SAS, Cary, NC, USA). When statistical testing was required, statistical significance was determined as P < 0.05.
Results
Patients
As previously reported, from 805 patients screened, 584 patients were randomized to receive study treatment. Of these, 583 patients received at least one infusion of SB2 or INF and were included in the FAS and SAF. The patient disposition was similar between the SB2 and INF treatment groups; 78.0% of the SB2 treatment group and 76.8% of the INF treatment group completed the 54 week study (Fig. 1) . Baseline characteristics have been previously reported as comparable between the two treatment groups and are provided in Supplementary Table S1 , available at Rheumatology Online. Among the baseline characteristics, efficacy components such as tender or swollen joint count, visual analogue scale and HAQ scores and the progression at weeks 30 and 54 are also reported, which show comparable improvement between the two treatment groups.
Efficacy
Radiographic progression from baseline to week 54 is shown in Fig. 2 . The mean change from baseline in mTSS at week 54 was numerically comparable between treatment groups (SB2, 0.38; INF, 0.37). At week 54, the adjusted mean difference of change from baseline in mTSS was 0.01 (95% CI À0.53, 0.56), suggesting a similar rate of radiographic progression between SB2 and INF. Also, the distribution of the cumulative probability plots was similar. When analysing the components of mTSS, the mean change from baseline in erosion score was 0.14 for SB2 and À0.03 for INF and the mean change from baseline in joint space narrowing score was 0.24 and 0.40, respectively (Supplementary Table S2 , available at Rheumatology Online).
Disease activity measured by DAS28, CDAI and SDAI and classification by LDA or remission are shown in Fig. 3 . The pattern of improvement over time was highly similar on all disease activity indices up to 54 weeks (mean DAS28 at week 54, 4.05 in both SB2 and INF). When disease activity was categorized into LDA and remission, the www.rheumatology.oxfordjournals.org proportion of patients who achieved either LDA or remission was similar between SB2 and INF at week 54 (45.8% of SB2-and 47.1% of INF-treated patients achieved LDA or remission by the CDAI and 46.9% of SB2-and 49.5% of INF-treated patients achieved LDA and remission by the SDAI).
ACR response rates were similar between treatment groups up to week 54 for both PPS and FAS (Fig. 4) . The ACR20 response rate at week 54 in the PPS was 65.3% for SB2 and 69.2% for INF, with an estimated treatment difference of À3.07% (95% CI À12.00, 5.86). This similarity was demonstrated once more in the FAS; the ACR20 was 64.5% for SB2 and 68.4% for INF, with an estimated treatment difference of À3.34% (95% CI À11.86, 5.18). The overall efficacy did not differ from what had been observed at week 30 (ACR20 responses in PPS: 64.1% in SB2 and 66.0% in INF; ACR20 responses in FAS: 63.6% in SB2 and 65.3% in INF).
FIG. 1 Disposition flow chart of the study population
Eight patients' data from sites in Eastern Ukraine were excluded from the analysis due to regional issues (n = 4 in SB2, n = 4 in INF). INF: reference infliximab. www.rheumatology.oxfordjournals.org infusion visit (week 46) was 3.74 mg/kg for SB2 and 3.72 mg/kg for INF. The relationship between dose increment and efficacy are shown in Supplementary Fig. S1 , available at Rheumatology Online. Those who had at least one dose increase had baseline (week 30) lower ACR20 response rates compared with those who never had a dose increase. A higher ACR20 response compared with baseline was observed in patients who had at least one dose increase at week 54 compared with week 30 and the ACR20 response rates were comparable between SB2 and INF. Safety SB2 was well tolerated during the study. The incidence of total and commonly occurring TEAEs, serious AEs and TEAEs of special interest were comparable between the SB2 and INF treatment groups up to week 54 (Table 1) . Most TEAEs were reported as mild to moderate in severity. The most commonly reported TEAEs were latent TB, nasopharyngitis and an increase in alanine aminotransferase. The majority of patients with latent TB received TB prophylaxis, and none of these patients developed active TB during the study. The incidence of active TB was the same as in the 30 week report (one case in both SB2 and INF); no new cases occurred thereafter up to week 54. This was also the case with malignancies, congestive heart failure and death. One new case of serious infection (diabetic foot infection) developed in the INF treatment group. The incidence of infusion-related reactions (IRRs) was comparable between the two treatment groups [SB2, n = 17 (5.9%); INF, n = 15 (5.1%)] and of those cases, five were considered serious (SB2, n = 3; INF, n = 2). In summary, the safety profile of SB2 remained relatively consistent with previously reported data (up to 30 weeks) and was comparable to that of INF.
Immunogenicity
Immunogenicity was comparable between SB2 and INF with no statistically significant difference. The proportion of ADA-positive patients up to week 54 was 62.4% for SB2 and 57.5% for INF (P = 0.270), a trend consistent with the previous comparable 30 week report (SB2, 55.1%; INF, 49.7%; P = 0.212). The proportion of patients with NAbs among the patients who developed ADA was also comparable between the two treatment groups (92.7% for SB2 and 87.5% for INF).
An analysis of efficacy and safety by ADA status is shown in Fig. 5 . ACR20 response rates at week 54 were comparable between SB2 and INF within each ADA subgroup, with higher responses in ADA-negative patients than in ADA-positive patients (Fig. 5A) . The ACR20 response rate at each visit by ADA subgroup is shown in Supplementary Fig. S2 , available at Rheumatology Online. ACR20 responses were generally comparable between the SB2 and INF treatment groups among patients who had overall negative or positive ADA results up to week 54.
Since IRRs are known to be associated with positive ADA status, the incidence of IRRs was analysed by ADA status. As expected, the incidence of IRRs was higher in patients who were ADA positive than in those who were ADA negative and the incidence was comparable between the treatment groups within each ADA subgroup up to 54 weeks [15 (8.4%) for SB2, 11 (6.5%) for INF in ADA-positive patients; 2 (1.9%) for SB2, 4 (3.2%) for INF in ADA-negative patients; Fig. 5B ].
Discussion
The results of this study demonstrate that the similarity in efficacy, safety and immunogenicity previously reported in the SB2 and INF treatment groups was maintained up to 54 weeks in patients with RA. In particular, structural joint damage measured by radiographic progression was comparable between SB2 and INF at 1 year. The degree of radiographic progression was also comparable to the pivotal ATTRACT study [17] . In addition, this report provides data related to increasing infliximab doses and has also demonstrated comparable efficacy profiles between SB2 and INF. All of these findings strongly support the biosimilarity of SB2 to INF over the long term. Since biologics are used in the treatment of rheumatic diseases and can be chronically used [25] , long-term clinical trial data that prove biosimilarity to reference products may further increase the confidence in prescribing biosimilars.
Radiographic progression has been measured in major pivotal trials of biologics for the treatment of RA as an index of long-term efficacy [17, 26] . In this study, the progression of joint disease, determined by the mTSS, suggests that the rate of radiographic progression is comparable between the SB2 and INF treatment groups. TNF inhibitors are thought to decouple the association between inflammation and joint damage [27] [28] [29] , and thus even if disease activity is inadequately controlled with anti-TNF therapy, radiographic progression is still inhibited. The similarity in inhibition of joint damage progression observed with SB2 compared with INF further augments evidence of the biosimilarity between SB2 to INF on a long-term structural basis, in addition to disease activity.
In this study, SB2 and INF maintained comparability up to 54 weeks in all efficacy outcomes measured: DAS28, CDAI, SDAI and ACR responses. Indeed, the equivalence margin of ±15% for the ACR20 rate difference, which was intended for the primary endpoint at week 30, was met also at week 54. Also, efficacy related to dose increments, whether regarding frequency or final dose, was comparable between SB2 and INF and is clinically consistent with results from the pivotal Safety Trial for Rheumatoid Arthritis with Remicade (infliximab) Therapy (START) study [30] . Thus, in a practical clinical setting where dose increments are allowed according to the instructions of the INF label, similar results can be expected with SB2.
SB2 was well tolerated and demonstrated a comparable safety profile to INF. In general, the safety profile was comparable up to 54 weeks, with no particular difference from the 30 week report. The majority of TEAEs were considered to be mild to moderate in intensity and the incidence was comparable between the SB2 and INF treatment groups. There was no change in the incidence of alanine aminotransferase increases in the SB2 vs INF treatment groups compared with the 30 week report [16] . As seen from the 30 week results, our results continue to be comparable to other biosimilar RA studies of infliximab [31] up to 54 weeks, such as the rate of total and serious AEs.
The incidence of ADA observed up to week 54 between SB2 and INF remained statistically non-significant and the trend was also comparable to what has been observed in the 30 week report. Any numerical difference did not result in a difference of efficacy or safety between the SB2 and INF treatment groups. Our results are considered comparable to other biosimilar RA studies [31] ; it should be noted that our measure of ADA incidence is cumulative rather than at a single time point, resulting in a higher incidence than is seen in other such studies [31] , also for reference INF. Indeed, as was seen in the 30 week results, these ADA incidences are higher than in the original INF pivotal studies [17] , which is suggested to be due to the increased sensitivity of the assays.
Our study has several strengths as an INF biosimilar study. As discussed previously, our study measured efficacy and safety at all visits. This allows a more sensitive assessment [32] and is considered to be close to proposed 'standard' designs in determining clinical biosimilarity [33] . Also, our study is the first among biosimilar infliximab studies to employ a dose increment scheme. While this design may have had the potential to introduce additional variability in efficacy responses after week 30, it is in line with clinical practice and the dose increments and efficacy response patterns remained comparable, further supporting biosimilarity.
FIG. 5
Analysis of ACR20 response rate and infusion-related reaction incidence by 54 week ADA status (A) ACR20 response rate at week 54 in the PPS set by 54 week overall ADA status. (B) The patients with infusion-related reaction up to week 54 in the SAF set by 54 week overall ADA status. INF: reference infliximab.
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Our study also has some limitations. The study was not powered to detect a significant difference in radiographic progression between the treatment groups, thus drawing a definite conclusion regarding radiographic equivalence is not possible. Still, it is reassuring that the results were comparable on a numerical level, without any unexpected differences when compared with the efficacy or safety results.
One of the major limitations of contemporary medical practice is the cost of medications, which has been cited as a major health policy goal [34] . bDMARDs are high-cost medications, and through our study we hope to contribute to a reduction of pressure on health care resources for bDMARD therapy [35] .
Conclusion
SB2 demonstrated similar efficacy, safety and immunogenicity to its reference INF for up to 54 weeks in patients with moderate to severe RA despite MTX therapy. Such comparability was consistently maintained throughout the study and now includes the inhibition of radiographic progression. These data provide further evidence that SB2 is a biosimilar of INF.
